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Abstract 
 Although inherited predispositions to hematologic malignancies have previously been 
considered extremely rare, approximately 12 causative genes have been implicated in the last 
decade. Since individuals diagnosed with leukemia have not historically been considered for 
evaluation of inherited predispositions, genetic testing is underperformed in this population. 
This study used focus group discussions to explore the attitudes, motivations, and barriers to 
genetic testing for 23 patients with leukemia. Participants generally exhibited a positive regard 
for the utility of genetic testing, and were primarily motivated by concern for their family and a 
sense of altruism toward all leukemia patients. While drawbacks and barriers were difficult for 
participants to identify, a few individuals cited concerns about confidentiality of genetic 
information and possible discrimination based on test results. Participants unanimously agreed 
that the skin punch biopsy required for genetic testing in leukemia patients would not deter their 
decision to be tested. The findings from this study are valuable for guiding genetic counseling 
that best meets the specific needs of leukemia patients, and future studies will analyze how these 
issues are perceived by a larger and more diverse population of individuals with leukemia. 
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1 
Introduction 
Germline mutations causing predisposition to acute leukemia (AL) and myelodysplastic 
syndrome (MDS) have been underappreciated, especially among affected adults. Prior to 2003, 
there were no clearly defined genetic etiologies underlying acute myeloid leukemia (AML), 
MDS, and/or other types of leukemia outside of inherited bone marrow failure syndromes like 
Fanconi anemia (1, 2). However, within the last decade, more than 12 inherited predisposition 
genes have been identified in association with these malignancies (3, 4). Current data support 
that between 10-29% of individuals with leukemia referred for genetic testing have germline 
mutations predisposing to hematologic malignancies (5, 6). According to the 2017 Surveillance, 
Epidemiology and End Results (SEER) data, there are 21,380 new AML diagnoses and 5,970 
new acute lymphoblastic leukemia (ALL) diagnoses in the United States annually. Additionally, 
there are an estimated 10,000 new cases of MDS in the United States each year (7).  
Emerging data regarding hereditary predispositions to hematologic malignancies suggest 
that MDS, AML, and aplastic anemia (AA) have the highest hereditary component, while 
hereditary predispositions to B-cell ALL and chronic leukemias remain rare. Predisposition 
syndromes involving autosomal dominant mutations in the genes RUNX1, ANKRD26, and ETV6 
share a similar clinical phenotype, including thrombocytopenia, platelet dysfunction, and an 
increased risk to develop MDS and AML (8-10). Familial MDS/AML has also been associated 
with autosomal dominant mutations in DDX41, GATA2, SRP72, and CEBPA genes (11-14). 
Additionally, a 700 kilobase duplication in the region of 14q32.2 that encompasses the ATG2B 
and GSKIP genes has been linked to an increased risk for AML, but also to other malignancies, 
including chronic myelomonocytic leukemia (CMML) and chronic myeloid leukemia (CML) 
(15). The inherited bone marrow failure syndromes (IBMFS) Fanconi anemia and dyskeratosis 
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congenita, previously well-described in the pediatric population, have also emerged as causes of 
adult-onset MDS, AML, and AA, even in those who do not meet phenotypic criteria (2, 16, 17).  
In addition to these genes that cause inherited susceptibility to MDS, AML, and AA, 
there are also several genes identified in association with familial B-cell ALL. The PAX5 gene 
exhibits a dominant predisposition to B-cell ALL with incomplete penetrance (18). While 
commonly recognized as the gene implicated in Li-Fraumeni Syndrome (LFS), heterozygous 
germline mutations in TP53 also cause B-cell ALL in 5% of individuals affected with LFS (19). 
Additionally, the SH2B3 gene has been implicated as an autosomal recessive predisposition 
locus for B-cell ALL (20).   
Genetic testing for inherited predispositions to leukemia has several imperative 
implications for the clinical care of affected individuals.  If a germline mutation is identified, 
this information can be used to guide treatment and surveillance plans, aid in donor selection for 
hematopoietic stem cell transplantation (SCT), and evaluate risks for certain comorbidities and 
treatment-related complications. For example, as several predisposition syndromes are 
associated with increased toxicity when treated with standard doses of chemotherapy or 
radiation for SCT conditioning, identification of at-risk patients can allow clinicians to provide 
tailored, reduced-intensity conditioning regimens (21-23). Moreover, although HLA-matched 
siblings are often regarded as ideal donors for allogeneic SCT, genetic testing helps prevent the 
selection of a related donor who carries the same germline mutation as the patient, which can 
potentially result in graft failure, donor-derived leukemia, and severe graft-versus-host disease 
(24, 25). Detection of a familial mutation also has key implications for unaffected relatives. 
Predictive genetic testing can aid in identifying individuals who may be at increased risk to 
develop leukemia in their lifetimes. While there are currently no means to prevent leukemia, 
identification of at-risk relatives may allow for those individuals to obtain surveillance 
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bloodwork and/or bone marrow evaluation for emerging clonal disease or hematologic 
malignancies (4). Additionally, identifying families with hereditary syndromes can also help 
connect them with valuable resources for family counseling, psychosocial support, and family 
planning.  
As availability and awareness of genetic testing for inherited predispositions to leukemia 
increases, much remains unknown about the behavioral and psychosocial aspects of genetic 
counseling and testing in this patient population. Unlike solid tumor patient populations such as 
breast and colorectal cancer, leukemia patients are entirely unexplored regarding their 
knowledge, attitudes, and perceived motivations and barriers to genetic testing. After genetic 
testing for predispositions to breast and colorectal cancer first became available in the early 
1990s, numerous studies sought to assess attitudes towards and perceptions about genetic testing 
in these two distinct populations (26-29). Common themes elicited during these studies included 
feelings of guilt for passing cancer susceptibility on to children, relief from uncertainty after 
learning one’s genetic information, concern for cancer risks in family members, fear of 
discrimination based on genetic information, and concern for psychological distress after a 
positive result. Many of these studies also sought to identify differences in genetic testing 
uptake based on perceived benefits, drawbacks, and one’s own cancer risk (28-36). Unlike solid 
tumor patients where genetic testing can be performed on a blood or saliva sample, genetic 
testing for individuals with leukemia requires a non-hematopoietic specimen. In these 
individuals, peripheral blood is contaminated by the hematologic malignancy which contains 
somatic mutations and chromosomal abnormalities that can confound genetic test results. As 
such, cultured skin fibroblasts are the gold standard for germline analysis and are obtained 
through a skin punch biopsy procedure. This presents a potential barrier to genetic testing that is 
unique to the leukemia patient population and has yet to be explored. 
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This study seeks to elicit leukemia patients’ attitudes, motivations, and barriers to 
genetic testing through the use of focus group discussions. Focus groups are a well-established 
qualitative research methodology that can be used to identify perceptions among subpopulations 
about certain experiences such as genetic testing (37). They are ideal for eliciting individuals’ 
attitudes and beliefs in order to design appropriate interventions for the subpopulation of interest 
(38). Focus groups have been shown to serve as a fundamental tool in generating themes 
surrounding attitudes towards genetic testing as well as generating focused hypotheses for 
further study in these populations (28, 29, 32, 35, 39-41). A deeper understanding of the 
attitudes, motivations, and barriers to genetic testing in the leukemia patient population will 
impact patient care by allowing clinicians to address the specific concerns and needs of this 
unique population. 
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Methods 
Participants and Recruitment 
Individuals were eligible to participate in a focus group if they were 18 years or older, 
English-speaking, and had a current or previous diagnosis of any type of leukemia. Potential 
participants were identified by screening the daily clinic census for the Leukemia Center at The 
University of Texas M.D. Anderson Cancer Center (MDACC) in Houston, Texas. Individuals 
who were at the clinic on the day of a scheduled focus group were randomly selected and 
contacted by phone to recruit for focus group participation the week before the scheduled 
meeting.  
Procedures and Setting 
Institutional review board approval was obtained. Verbal informed consent was obtained 
from all study participants by the principal investigator (TB). Each focus group had a minimum 
of 2 and a maximum of 5 participants. Focus groups were conducted between November 2017 
and February 2018. Each discussion generally lasted 20 to 45 minutes and was facilitated by the 
principal investigator (TB). A second investigator (SB) was present at each focus group to 
record notes about the discussion and nonverbal cues from the participants.  
The facilitator provided a description of the study, measures used to protect 
confidentiality, and instructions for effective focus group participation (Supplemental Document 
1).  Participants completed an anonymous demographics survey. A brief introduction was given 
on cancer genetics and genetic testing for hereditary leukemia. The facilitator utilized a script to 
guide the discussion. Open-ended questions were asked to assess attitudes toward, motivations 
for, and barriers to genetic testing for hereditary leukemia (Supplemental Document 1). 
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Data Analysis 
All discussions were recorded and transcribed verbatim by a transcription service. The 
transcripts were then independently coded by two study investigators (TB, SB) to identify 
themes. A total of 173 thematic codes were used to code each transcript. The independently 
coded transcripts were subsequently compared using line by line analysis and found to have an 
inter-rater reliability (IRR) of 99.4%. Coding and analysis of themes was conducted through the 
qualitative data analysis and research software program, ATLAS.ti. Descriptive statistics were 
utilized to describe participant demographics. 
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Results 
Participant Characteristics 
Table 1 summarizes the demographic characteristics of the focus group participants. The 
sample included 6 women and 17 men with an average age of 63 years (range 30-84 years). The 
majority of participants self-reported as White/Non-Hispanic (78%), followed by 9% African-
American, 9% Hispanic, and 4% Asian. Most participants (39%) had a diagnosis of chronic 
lymphocytic leukemia (CLL), followed by 22% with AML, 13% with CML, 13% with MDS, 
and 9% with ALL. One individual (4%) reported a diagnosis of essential thrombocytosis (ET). 
The majority of participants had at least a bachelor’s degree (57%) and a household income 
greater than $100,000 USD per year (39%). Additionally, most participants reported no family 
history of leukemia (87%) and had not had genetic counseling or genetic testing (91%) for non-
hematologic cancer. 
Table 1: Demographic Characteristics (n=23) 
Variable 
No. of 
participants 
(%) 
Mean age (years) (range) 63 (30-84) 
Gender  
     Female 6 (26) 
     Male 17 (74) 
Race/Ethnicity  
     White 18 (78) 
     Hispanic 2 (9) 
     African American 2 (9) 
     Asian 1 (4) 
Education  
     High school or GED 4 (17) 
     Some college 5 (22) 
     Associate’s degree 1 (4) 
     Bachelor’s degree 8 (35) 
     Doctorate or post-graduate 5 (22) 
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Household income  
     Not disclosed 2 (9) 
     <$20,000 2 (9) 
     $20,000 – 49,999 3 (13) 
     $50,000 – 74,999 4 (17) 
     $74,000 – 99,999  3 (13) 
     >$100,000 9 (39) 
Leukemia diagnosis  
     AML 4 (17) 
     ALL 2 (9) 
     MDS 3 (13) 
     CML 3 (13) 
     CLL 9 (39) 
     Other 2 (9) 
Family history of leukemia  
     No 20 (87) 
     Yes 3 (13) 
Previous genetic counseling for non-hematologic 
cancer  
     No 21 (91) 
     Yes 2 (9) 
Previous genetic testing for non-hematologic cancer  
     No 21 (91) 
     Yes 2 (9) 
AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MDS: myelodysplastic 
syndrome; CML: chronic myeloid leukemia; CLL: chronic lymphoblastic leukemia. 
 
Motivations for Genetic Testing 
At each focus group, participants were provided a short explanation of genetic 
counseling and genetic testing for hereditary predispositions to hematologic malignancy, 
including a description of genes, patterns that would suggest an inherited predisposition, 
and the genetic testing process (Supplemental Document 1). Focus group participants 
were then asked a series of questions to elicit how they would feel if they were offered 
genetic testing and what they perceived as their primary motivations for genetic testing.  
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Concern for Children and Family Members 
The questions elicited a strong theme of concern for children as well as concern 
for extended family, which consistently emerged in every focus group. These two 
responses were the most frequently coded themes, together appearing 69 times out of 
754 total coded responses (9.2%). Participants expressed concerns regarding the risk of 
passing a predisposition to leukemia on to their children, as well as the risk for other 
relatives to receive a leukemia diagnosis. For instance, one woman shared, “I have two 
daughters, and I would want to know if what I have, I could have passed on to them.” 
Participants conveyed a desire for their children and other relatives to obtain genetic 
testing to assess their risk status. One participant stated, “I think that if I was tested, I 
would hope that eventually too my kids would be tested. I think that the earlier that you 
can catch any illness or any disease, the better off you are.” Several individuals shared 
that they would never want to see their loved ones go through such a devastating 
diagnosis. “I would want to see if there is something lying there that could go to my 
niece or nephews or if it could even go to my sister, and if we could prevent it, I would 
definitely…  I don’t want [my sister] to go through what I went through last year by any 
means.” As such, they were often motivated by the hope that obtaining genetic 
information could empower their families with an awareness of their cancer risk and 
allow them to take measures to detect leukemia early or preferably avoid the disease 
altogether: 
 “I would definitely want them to have a heads up.  I mean some things can't be 
prevented, but if there is any preventative steps that could be taken, then I would 
really like my family members to know.” 
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 “My wife has a predisposition for breast cancer on her mother’s side of the 
family. So, she knows that, so then she takes extra precautions to be safer. So, I 
mean if I could do that for my family, I would love to.” 
Altruism 
 Participants also expressed altruism, or a desire to obtain genetic testing to contribute to 
research and benefit all future leukemia patients, as a motivation for undergoing genetic testing. 
This theme appeared 20 times out of 754 total coded responses (2.7%). For example, one 
individual shared, “I would definitely do it. Just if I can help any person, that makes it 
worthwhile for me.” Multiple participants expressed a desire that their participation in genetic 
testing would contribute to the growing body of knowledge about the etiology of leukemia as 
well as the development of new treatments and potential cures. For instance, these two 
individuals who shared the following: 
“I think that that’s actually the way that cancer treatment is going to [get] better 
is through genetic testing.” 
“I mean if there is further research down the road that you can be a participant in 
that may help someone else, even if it’s not even with your immediate family.  If 
it could help somebody else’s family, I mean it’s well worth it.” 
Participants were especially communicative of a willingness to do anything to help prevent 
future patients, not just their relatives, from enduring similar hardship in their lives due to a 
leukemia diagnosis. Many expressed a sentiment similar to this participant who stated, “You 
know, if I can participate in some way that paves the road for somebody else to have an easier 
life, then I’m all for it.” Overall, a strong desire to improve circumstances and leukemia 
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treatments for future generations, including both related and unrelated individuals, was a 
common theme in most focus group discussions. 
Curiosity Regarding Personal Genetic Health Information 
Although not raised as frequently as the above themes, several participants reported 
motivation for genetic testing in order to learn about their risks for future cancer diagnoses (two 
individuals), to identify the cause of their leukemia (three individuals), or to satisfy a general 
curiosity about their genetic information (three individuals). For example, one gentleman 
explained that he wanted testing “to see if I have a tendency for other cancers […] Any other 
cancers lurking about and hiding, waiting to pop up.” A few participants expressed that their 
motivation would increase if there was clear clinical actionability, either for their current 
treatment or the prevention of future diagnoses: “The only part about that that makes any sense 
to me is if there is something to be done as a result of knowing in advance that you’re 
predisposed.” Regardless of their personal motivations, all 23 participants (100%) expressed a 
positive intent to have genetic testing. Some individuals felt eager to pursue testing right away, 
including one participant who stated, “Where is the line? Do you want me to sit down [for the 
test] right now?” 
Drawbacks and Barriers 
Participants were also asked to identify potential barriers or drawbacks to genetic testing, 
including issues they could imagine for themselves as well as for others. In all seven focus 
groups, participants consistently struggled to identify drawbacks or barriers to genetic testing, 
providing responses such as “there’s nothing that I can think of” and “I’m not concerned about 
it.” The limited drawbacks they identified included issues regarding confidentiality of the data 
and discrimination. Participants voiced general concerns surrounding negative impacts to 
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insurance coverage, increased premium costs, and ineligibility for health and life insurance. One 
gentleman shared his concern, stating: “There is also still the open question of what insurance is 
going to be allowed to do with the information, and that we don’t know.” A few individuals 
expressed worries about the potential lack of privacy and security of genetic testing results in 
the medical record, while only one individual mentioned uncertainty about employment 
discrimination:  
“We don’t know if it can be used for employment decisions.  We don’t know if 
it’s going to make people less eligible for insurance, and we certainly don’t know 
about security of that information. So all of those things to me create concerns.” 
“I think that everyone is kind of worried about is the privacy of any information 
that is passed between you and your doctor.” 
Two participants suggested drawbacks unrelated to the issues of confidentiality and 
discrimination. One gentleman deliberated whether his family would feel burdened or worried 
by positive results, saying, “The question is, would they worry about [positive results] all of the 
time? I mean we know that there are people that do that.” Another woman expressed worry 
about her genetic testing results being shared with anyone “who has any effect over whether [I] 
get treatment or how it’s treated or whether you’re a candidate or not.”  
Participant responses when asked to identify potential barriers to genetic testing were 
also much less robust. Most responses in this category were only voiced by one or two 
participants. Two individuals shared that they felt less interested in genetic testing simply due to 
their older age. They felt that knowledge of their genetic information would have less utility for 
them at this stage in their life. One gentleman elaborated that although his older age currently 
acted as a deterrent, he may have been more interested in testing at a younger age for family 
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planning purposes: “If I was younger and planning a family, you know.  I would definitely 
count that as a good reason. But since I’m almost elderly, it doesn’t matter.” Conversely, a 
participant in another focus group explained that younger age would have been a deterrent for 
him based on employment and insurance discrimination concerns, whereas his older age 
concerned him less and would not deter him from pursuing genetic testing. Another male 
participant felt that his perceived barriers would be particularly influenced by his children. After 
sharing that his decision to be tested would be based on whether his two children wanted him to 
have testing, he explained, “If my kids didn't want me to do it because they didn't want the data 
to be in the system, that certainly could deter me… If one of them wants to know and the other 
one doesn’t, then we’ll have to figure that one out too. If one of them is worried about the 
security of data and the other one isn't, we’ll have one of those little family meetings.” 
Several other potential barriers were proposed only once by various individuals. These 
included the potential inconvenience of testing, uncertainty about benefits, and limited clinical 
actionability. For instance, one gentleman explained, “Basically, you want to know if there is 
something that you can do about it.  If there is nothing that you can do about it, I’m probably not 
that interested in knowing.” Another individual proposed that some people may desire to not be 
informed about their genetic information, preferring to leave their situation to fate: “Some 
people just don’t want to know.  I think they kind of live blindly. I’m not that person, but I mean 
I’m sure that there are people that would rather just say whatever happens, happens.”   
The most prominent response when participants were questioned about barriers and 
drawbacks to genetic testing was that there simply were none. In fact, 12 participants explicitly 
stated that they could not identify any deterrents at all, sharing thoughts such as, “I don’t think 
that there would be a real reason why you shouldn’t [pursue genetic testing].” 
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Table 2: Thematic Codes (total responses = 754) 
Theme Frequency (%) 
Motivations  
     Concern for children 43 (5.7) 
     Concern for family 26 (3.5) 
     Altruism for all leukemia patients 20 (2.7) 
     Prevention and early detection 19 (2.5) 
     Desire for genetic awareness in relatives 13 (1.7) 
Drawbacks and Barriers  
     Concerns about privacy/security 13 (1.7) 
     Negative impacts to insurance coverage 12 (1.6) 
     Less interest in testing due to older age 4 (0.5) 
     Children not wanting testing or results 4 (0.5) 
     Burden on relatives due to test results 3 (0.4) 
These are the top five most frequent themes for the categories of Motivations and Drawbacks and Barriers. Note 
the frequency differences between the two categories. 
Perceptions Regarding Skin Biopsy 
 Focus group participants unanimously agreed that the skin biopsy procedure would not 
be a deterrent to genetic testing. Each time they were directly questioned about having a skin 
biopsy for genetic testing, participants would often laugh and explain that they have experienced 
far more painful and difficult procedures as part of their leukemia treatment: 
“I don’t have any problem.  I’ve gone through 12 bone marrow biopsies. As 
many times as I’ve been stuck, you know. So, I mean it doesn’t matter.” 
“I get a bone marrow biopsy every other time here.  I mean I could probably do 
the skin thing myself (laughing).  Just tell me how many square inches you want, 
and I’ll give it to you.” 
Some participants openly disclosed that they had previous experience with a skin biopsy. 
However, regardless of whether or not they had previous experience with the procedure, their 
view that it would not impact their testing decision remained the same.  
15 
 Overall, motivations for genetic testing were among the most robustly developed themes 
throughout all seven focus groups. This is in contrast to themes related to drawbacks and 
barriers, which participants overtly expressed were difficult to identify. Accordingly, drawbacks 
and barriers appeared less frequently and were less pervasive throughout the focus group 
discussion transcripts.  
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Discussion 
This study sought to identify the attitudes, motivations, and barriers to genetic testing for 
hereditary hematologic malignancies in the leukemia patient population. The majority of focus 
group participants were white males over the age of 50 with a high education level and an 
annual income of $75,000 USD or more. Moreover, most participants had chronic leukemia. 
The focus group discussions highlighted that leukemia patients were able to readily identify 
motivations for genetic testing, which most often included concern for children and family as 
well as altruism for all leukemia patients. On the other hand, they struggled to identify 
drawbacks and barriers and, as a result, these themes were less developed. 
 For most participants, the information provided during the introduction to the focus 
group discussion was the first time they were made aware of the hereditary component to 
leukemia. In fact, four participants distinctly recalled asking their healthcare provider about a 
hereditary component to their diagnosis and being told that such information was still not 
known. Despite a lack of previous knowledge about genetic predispositions to leukemia, 
participants were able to recognize the impact that their personal genetic information could have 
on their lives and families. 
Overall, a positive regard for genetic testing was ubiquitous throughout all seven focus 
groups. Participants frequently articulated a view that testing is beneficial because it has the 
potential to help their children and extended relatives as well as other leukemia patients. They 
largely agreed that the information provided by testing results can have important implications 
for their family, especially if the results are positive. Participants recognized that genetic testing 
could be used as a tool to identify at-risk relatives and expressed that they would inform their 
family members if a mutation was detected. In general, a desire to identify a genetic 
predisposition and promote genetic awareness among relatives was commonly expressed. They 
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conveyed hope that these proactive measures could help prevent disease or lead to earlier 
diagnosis in their loved ones. It is interesting to note that the thematic code for concern for 
family frequently co-occurred with the codes for prevention and early detection in the 
discussion transcripts. These themes commonly emerged together even though the information 
provided during the focus group introduction did not allude to the possibility of prevention or 
early detection in relatives. Additionally, while a few participants shared that they felt autonomy 
was important for each relative’s personal genetic testing decision, several discussed that they 
would actively encourage their family members to be tested. These findings are consistent with 
focus group studies in the solid tumor patient populations (28, 29, 32, 35). 
Genetic testing was also commonly viewed as an important tool for gaining knowledge 
about the etiology of leukemia and contributing to the advancement of leukemia research. This 
was underscored by a strong sense of altruism for all leukemia patients, both present and future. 
Many individuals shared stories about the devastating effects of their disease, and these 
experiences seemed to drive their motivation to obtain genetic testing with the hope to prevent 
leukemia or at the very least improve diagnostic and treatment techniques for future generations. 
There was often a sense of agreement among participants that they would not wish a leukemia 
diagnosis on anyone, whether they were family members, friends, or strangers. Accordingly, 
several individuals expressed great willingness to contribute to leukemia research through 
genetic testing. Interestingly, a strong sense of altruism has also been reported among focus 
group participants in the breast cancer population, but not readily observed in focus groups 
among patients with colorectal cancer (28, 32). 
While the above themes were robustly developed, there were several motivations that 
were expressed with less regularity. These motivations were all issues that focused more on the 
self than other people. This included issues such as a desire to pinpoint a cause for one’s 
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leukemia and to learn about one’s risk for other cancer diagnoses. A valuable observation here 
is that participants tended to communicate these self-oriented motivations with much less 
frequency than motivations oriented towards helping relatives and future leukemia patients.  
Throughout all seven discussions, there was a generalized inability to recognize 
drawbacks and barriers to genetic testing. While some participants were able to voice limited 
concerns, the frequency and depth of these responses were less robust than the perceived 
motivations for genetic testing in our analysis. One of the only issues proposed by more than 
one or two participants was a concern for the confidentiality of genetic testing data and 
discrimination based on positive test results. While this theme has also been identified in similar 
investigations with the breast and colorectal cancer populations, it is a more predominant and 
well-developed theme in these studies (28, 29, 32). Interestingly, a focus group study conducted 
by Ramsey et al. also reported participants who experienced similar difficulty with imagining 
potential drawbacks and barriers. However, when later presented with specific information 
regarding the risks and implications of genetic testing, some participants viewed these as 
drawbacks or barriers and felt more reluctant to have testing (35). Future studies in the leukemia 
population should assess how patients feel about the risks and implications of genetic testing 
after being given more specific information on this subject. Such an approach was not utilized in 
this study, as the investigators wished to ascertain which issues would arise organically without 
introducing ideas. Outside of the subject areas of confidentiality and discrimination, participants 
were unsuccessful in consistently identifying other drawbacks or barriers. For example, only 
one gentleman in the present study discussed possible burden or distress on relatives due to 
positive genetic testing results, while previous studies in solid tumor populations have identified 
this as a more common concern (28, 29, 32). Other drawbacks and barriers seen in previous 
studies which were not raised by participants in this study include topics such as the cost of 
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genetic testing, feelings of guilt after learning that cancer susceptibility has been passed to 
children, and the potential for psychologic distress in oneself or one’s relatives (28, 29, 32). 
A unique and important finding of this study was the participants’ universal acceptance 
of the skin biopsy procedure that is necessary for genetic testing in the leukemia patient 
population. One hundred percent of participants agreed that this procedure would not impact 
their decision to be tested. Although reason would suggest that a skin biopsy could be a 
significant deterrent to testing in other patient populations, the participants in this study were 
adamant that it would pale in comparison to other procedures that are part of their routine care, 
especially bone marrow biopsies. Of note, participants with no previous experience with skin 
biopsies did ask several questions about the logistics of the procedure, including where on the 
body is the skin taken from, how large of a skin sample is retrieved, and whether the test can be 
conducted when the patient has low platelet counts. Still, participants unanimously voiced a 
willingness to undergo the procedure. This suggests that as long as the patient’s questions about 
the procedure are addressed, skin biopsy is not likely to be a deterrent to genetic testing in this 
patient population. 
Participants raised a number of appropriate questions throughout the focus group 
discussions. The majority of their questions pertained to logistics of the skin biopsy procedure, 
as noted above. Outside of this topic, several other types of questions were raised by only one or 
two individuals. These included inquiries about the reliability and validity of genetic test results, 
how long testing has been available, and what clinics offer testing. One participant also asked 
about the penetrance of hereditary hematologic malignancy syndromes while two others 
inquired about preventative options and/or next steps after positive predictive testing in their 
children. Another individual wondered whether someone with a bone marrow transplant can 
have genetic testing. While the majority of these questions were posed only once and did not 
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present as an overarching theme, all of them were pertinent to genetic testing for leukemia 
patients and illustrate the types of questions that could be asked by these individuals in a typical 
genetic counseling session.  
To our knowledge, this represents the first study to explore the attitudes, motivations, 
and barriers to genetic testing for inherited hematologic malignancies among patients with 
leukemia. One of the primary limitations of this study was the relative homogeneity of the focus 
group participants in terms of age, gender, race/ethnicity, education, and income. While the 
socioeconomic background of our participants is representative of the patient population 
undergoing treatment at M.D. Anderson, this sample is not representative of all leukemia 
patients. Further research is needed to assess whether these views are reflective of a larger 
sample of leukemia patients from more diverse backgrounds. Additionally, the conclusions 
drawn from this study are subject to a selection bias. Participants’ willingness to attend the 
focus group suggests a desire to participate in research, which would provide an inclination for 
these individuals to express positive regard and intent for genetic testing as well as an altruistic 
outlook. Another limitation of this study was the size of some of the focus groups. Most of the 
discussions included three to five participants, but one discussion had only two participants. 
While the ideal focus group size has not been established, experts suggest that it is practical to 
have 4-12 participants per group (38). Lastly, most participants (91%) had no previous 
experience with a genetic counselor. As such, these individuals were only able to discuss topics 
that they could imagine on their own, which may have limited the findings of this study. 
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Conclusions 
In summary, our focus group discussions revealed that participants held a positive regard 
for genetic testing, and were primarily motivated by concern for their family and a sense of 
altruism. While drawbacks and barriers were more difficult for participants to identify, a few 
individuals cited concerns about confidentiality of genetic information and discrimination based 
on test results. Participants also unanimously agreed that the skin punch biopsy required for 
genetic testing in leukemia patients would not deter their decision to be tested. As focus groups 
studies are utilized to identify and describe issues of importance specific to the participants, the 
conclusions drawn from this study cannot be used alone to extrapolate to the entire population 
of interest. Future studies on this subject should analyze how these motivations and barriers to 
genetic testing are perceived by a larger and more demographically diverse sample of leukemia 
patients.  
As genetic testing for inherited hematologic malignancies becomes progressively more 
available, it will provide important information for the treatment of an increasing number of 
leukemia patients. The knowledge gained from this study and future studies will be paramount 
in providing genetic counseling that meets the needs of leukemia patients. Our current data 
suggest that this population may not be significantly dissimilar from solid tumor populations. 
Although leukemia patients seen in the genetic counseling setting may be able to readily 
recognize benefits to testing, they likely need education regarding the risks and implications of 
testing, as these issues could be perceived as potential drawbacks or barriers. Additionally, 
while the skin biopsy may not be a deterrent to testing for patients with leukemia, they may 
raise logistical questions about the procedure that could impact their decision undergo genetic 
testing. 
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Appendix 
Supplemental Document 1: Focus Group Discussion Guide 
Introduction: 
Thank you for agreeing to participate in today’s focus group discussion. The purpose of 
this informal discussion is to learn more about your opinions and feelings about genetic testing 
for leukemia. Please feel free to share as much or as little as you would like. There are no right 
or wrong answers, so please answer by giving information that best describes your opinions and 
thoughts. 
I would like to remind everyone that everything you say here today is completely 
confidential. We will be recording the discussion so we may capture your thoughts exactly as 
you say them. However, we will not be using any names during the discussion. Please be sure to 
speak loudly so that the recorder can capture your thoughts. 
In order to get the discussion started, I want to give you some background information 
on genetic testing for leukemia. This is a very new field that many people have not heard about 
yet. We will start with a brief science lesson. Our bodies are made of billions of cells and inside 
each of these cells is DNA, which contains the genetic instructions that tell our body how to 
grow and develop. DNA is made up of thousands of genes. Each gene contains specific 
instructions that help the body perform a specific job. For example, some genes determine eye 
or hair color. Other genes contain instructions to help our body fight off cancer. When there is a 
change in a gene, called a mutation, this can cause the instructions in that gene to be incorrect. 
Without the correct instructions, a gene that helps the body fight off cancer may not do its job 
properly. When this happens, that person has a higher chance to develop certain cancers in their 
lifetime. You may have previously heard about something very similar to this with breast cancer 
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and the BRCA gene. Since genetic information is passed from parents to children, we often find 
that mutations in genes like BRCA run in families.  
Multiple gene mutations have recently been found to cause different types of leukemia to 
run in families. Genetic testing has become available for these genes. This testing allows us to 
take a close look at a person’s genes to see if someone has a mutation that causes an increased 
chance for them to develop leukemia. Typically, genetic testing is done by collecting a blood or 
saliva sample and sending that sample to the lab. Since leukemia is a cancer that occurs in the 
blood, there are cancer cells in the blood that can confuse the genetic testing results. As a result, 
genetic testing must be done through a skin biopsy for people with leukemia. A skin biopsy is 
the same process as having a mole removed by a dermatologist and involves numbing the skin 
and taking a small piece, smaller than the size of a pencil eraser, which is then sent to the lab for 
genetic testing. As I mentioned earlier, our discussion today is meant to learn more about your 
thoughts surrounding genetic testing for genes that cause increased risks for leukemia. We hope 
to use your thoughts and feedback in order to improve the care of leukemia patients who may 
have genetic testing in the future. Let’s begin. 
Questions: 
1) After learning that leukemia can run in families, what does that make you think about? 
Probe: How does that make you feel? 
Probe: Is this the first time you have heard that leukemia can be hereditary? 
2)  Using your own words, describe how you would feel if you were offered genetic testing 
to see if your diagnosis of leukemia had a genetic cause, or if leukemia runs in your family. 
Probe: Imagine you had genetic testing and your results were positive for a genetic 
mutation. How would that make you feel?  
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Probe: Imagine you had genetic testing and your results were negative. How would that 
make you feel? 
3)  Describe what, if anything, may prevent you from wanting to have genetic testing. 
4) Even if they may not apply to you personally, describe any other possible drawbacks you 
could imagine to genetic testing. 
5) If you did want to have genetic testing, why would you want to have it? 
6) Even if they may not apply to you personally, describe any other potential benefits you 
could imagine to genetic testing. 
7) If applicable, describe how your opinions have changed as you have discussed potential 
drawbacks and benefits with the other participants today. 
8) After learning that genetic testing for leukemia patients requires a skin biopsy, how does 
that make you feel? 
 
 
 
 
 
 
 
 
 
 
25 
References 
1. Michaud, J., H. S. Scott, and R. Escher. 2003. AML1 interconnected pathways of 
leukemogenesis. Cancer Invest 21: 105-136. 
2. Alter, B. P. 2003. Cancer in Fanconi anemia, 1927-2001. Cancer 97: 425-440. 
3. Bannon, S. A., and C. D. DiNardo. 2016. Hereditary Predispositions to Myelodysplastic 
Syndrome. Int J Mol Sci 17. 
4. Jane E Churpek, L. A. G. Familial acute leukemia and myelodysplastic syndromes. In 
UpToDate. R. A. Larson, ed, UpToDate, Waltham, MA. (Accessed on March 21, 2018). 
5. Churpek, J. E., K. Pyrtel, K. L. Kanchi, J. Shao, D. Koboldt, C. A. Miller, D. Shen, R. 
Fulton, M. O'Laughlin, C. Fronick, I. Pusic, G. L. Uy, E. M. Braunstein, M. Levis, J. 
Ross, K. Elliott, S. Heath, A. Jiang, P. Westervelt, J. F. DiPersio, D. C. Link, M. J. 
Walter, J. Welch, R. Wilson, T. J. Ley, L. A. Godley, and T. A. Graubert. 2015. 
Genomic analysis of germ line and somatic variants in familial myelodysplasia/acute 
myeloid leukemia. Blood 126: 2484-2490. 
6. DiNardo, C. D., S. A. Bannon, M. Routbort, A. Franklin, M. Mork, M. Armanios, E. M. 
Mace, J. S. Orange, M. Jeff-Eke, J. E. Churpek, K. Takahashi, J. L. Jorgensen, G. 
Garcia-Manero, S. Kornblau, A. Bertuch, H. Cheung, K. Bhalla, A. Futreal, L. A. 
Godley, and K. P. Patel. 2016. Evaluation of Patients and Families With Concern for 
Predispositions to Hematologic Malignancies Within the Hereditary Hematologic 
Malignancy Clinic (HHMC). Clin Lymphoma Myeloma Leuk 16: 417-428 e412. 
7. Ma, X. 2012. Epidemiology of myelodysplastic syndromes. Am J Med 125: S2-5. 
8. Pippucci, T., A. Savoia, S. Perrotta, N. Pujol-Moix, P. Noris, G. Castegnaro, A. Pecci, C. 
Gnan, F. Punzo, C. Marconi, S. Gherardi, G. Loffredo, D. De Rocco, S. Scianguetta, S. 
Barozzi, P. Magini, V. Bozzi, L. Dezzani, M. Di Stazio, M. Ferraro, G. Perini, M. Seri, 
26 
and C. L. Balduini. 2011. Mutations in the 5' UTR of ANKRD26, the ankirin repeat 
domain 26 gene, cause an autosomal-dominant form of inherited thrombocytopenia, 
THC2. Am J Hum Genet 88: 115-120. 
9. Song, W. J., M. G. Sullivan, R. D. Legare, S. Hutchings, X. Tan, D. Kufrin, J. Ratajczak, 
I. C. Resende, C. Haworth, R. Hock, M. Loh, C. Felix, D. C. Roy, L. Busque, D. Kurnit, 
C. Willman, A. M. Gewirtz, N. A. Speck, J. H. Bushweller, F. P. Li, K. Gardiner, M. 
Poncz, J. M. Maris, and D. G. Gilliland. 1999. Haploinsufficiency of CBFA2 causes 
familial thrombocytopenia with propensity to develop acute myelogenous leukaemia. 
Nat Genet 23: 166-175. 
10. Zhang, M. Y., J. E. Churpek, S. B. Keel, T. Walsh, M. K. Lee, K. R. Loeb, S. Gulsuner, 
C. C. Pritchard, M. Sanchez-Bonilla, J. J. Delrow, R. S. Basom, M. Forouhar, B. 
Gyurkocza, B. S. Schwartz, B. Neistadt, R. Marquez, C. J. Mariani, S. A. Coats, I. 
Hofmann, R. C. Lindsley, D. A. Williams, J. L. Abkowitz, M. S. Horwitz, M. C. King, 
L. A. Godley, and A. Shimamura. 2015. Germline ETV6 mutations in familial 
thrombocytopenia and hematologic malignancy. Nat Genet 47: 180-185. 
11. Polprasert, C., I. Schulze, M. A. Sekeres, H. Makishima, B. Przychodzen, N. Hosono, J. 
Singh, R. A. Padgett, X. Gu, J. G. Phillips, M. Clemente, Y. Parker, D. Lindner, B. 
Dienes, E. Jankowsky, Y. Saunthararajah, Y. Du, K. Oakley, N. Nguyen, S. Mukherjee, 
C. Pabst, L. A. Godley, J. E. Churpek, D. A. Pollyea, U. Krug, W. E. Berdel, H. U. 
Klein, M. Dugas, Y. Shiraishi, K. Chiba, H. Tanaka, S. Miyano, K. Yoshida, S. Ogawa, 
C. Muller-Tidow, and J. P. Maciejewski. 2015. Inherited and Somatic Defects in DDX41 
in Myeloid Neoplasms. Cancer Cell 27: 658-670. 
12. Hahn, C. N., C. E. Chong, C. L. Carmichael, E. J. Wilkins, P. J. Brautigan, X. C. Li, M. 
Babic, M. Lin, A. Carmagnac, Y. K. Lee, C. H. Kok, L. Gagliardi, K. L. Friend, P. G. 
Ekert, C. M. Butcher, A. L. Brown, I. D. Lewis, L. B. To, A. E. Timms, J. Storek, S. 
27 
Moore, M. Altree, R. Escher, P. G. Bardy, G. K. Suthers, R. J. D'Andrea, M. S. Horwitz, 
and H. S. Scott. 2011. Heritable GATA2 mutations associated with familial 
myelodysplastic syndrome and acute myeloid leukemia. Nat Genet 43: 1012-1017. 
13. Kirwan, M., A. J. Walne, V. Plagnol, M. Velangi, A. Ho, U. Hossain, T. Vulliamy, and 
I. Dokal. 2012. Exome sequencing identifies autosomal-dominant SRP72 mutations 
associated with familial aplasia and myelodysplasia. Am J Hum Genet 90: 888-892. 
14. Smith, M. L., J. D. Cavenagh, T. A. Lister, and J. Fitzgibbon. 2004. Mutation of CEBPA 
in familial acute myeloid leukemia. N Engl J Med 351: 2403-2407. 
15. Plo, I., C. Bellanne-Chantelot, and W. Vainchenker. 2016. ATG2B and GSKIP: 2 new 
genes predisposing to myeloid malignancies. Mol Cell Oncol 3: e1094564. 
16. Alter, B. P., N. Giri, S. A. Savage, and P. S. Rosenberg. 2009. Cancer in dyskeratosis 
congenita. Blood 113: 6549-6557. 
17. Alter, B. P., N. Giri, S. A. Savage, J. A. Peters, J. T. Loud, L. Leathwood, A. G. Carr, M. 
H. Greene, and P. S. Rosenberg. 2010. Malignancies and survival patterns in the 
National Cancer Institute inherited bone marrow failure syndromes cohort study. Br J 
Haematol 150: 179-188. 
18. Shah, S., K. A. Schrader, E. Waanders, A. E. Timms, J. Vijai, C. Miething, J. Wechsler, 
J. Yang, J. Hayes, R. J. Klein, J. Zhang, L. Wei, G. Wu, M. Rusch, P. Nagahawatte, J. 
Ma, S. C. Chen, G. Song, J. Cheng, P. Meyers, D. Bhojwani, S. Jhanwar, P. Maslak, M. 
Fleisher, J. Littman, L. Offit, R. Rau-Murthy, M. H. Fleischut, M. Corines, R. Murali, X. 
Gao, C. Manschreck, T. Kitzing, V. V. Murty, S. Raimondi, R. P. Kuiper, A. Simons, J. 
D. Schiffman, K. Onel, S. E. Plon, D. Wheeler, D. Ritter, D. S. Ziegler, K. Tucker, R. 
Sutton, G. Chenevix-Trench, J. Li, D. G. Huntsman, S. Hansford, J. Senz, T. Walsh, M. 
Lee, C. N. Hahn, K. Roberts, M. C. King, S. M. Lo, R. L. Levine, A. Viale, N. D. Socci, 
K. L. Nathanson, H. S. Scott, M. Daly, S. M. Lipkin, S. W. Lowe, J. R. Downing, D. 
28 
Altshuler, J. T. Sandlund, M. S. Horwitz, C. G. Mullighan, and K. Offit. 2013. A 
recurrent germline PAX5 mutation confers susceptibility to pre-B cell acute 
lymphoblastic leukemia. Nat Genet 45: 1226-1231. 
19. Powell, B. C., L. Jiang, D. M. Muzny, L. R. Trevino, Z. E. Dreyer, L. C. Strong, D. A. 
Wheeler, R. A. Gibbs, and S. E. Plon. 2013. Identification of TP53 as an acute 
lymphocytic leukemia susceptibility gene through exome sequencing. Pediatr Blood 
Cancer 60: E1-3. 
20. Perez-Garcia, A., A. Ambesi-Impiombato, M. Hadler, I. Rigo, C. A. LeDuc, K. Kelly, C. 
Jalas, E. Paietta, J. Racevskis, J. M. Rowe, M. S. Tallman, M. Paganin, G. Basso, W. 
Tong, W. K. Chung, and A. A. Ferrando. 2013. Genetic loss of SH2B3 in acute 
lymphoblastic leukemia. Blood 122: 2425-2432. 
21. Dietz, A. C., P. J. Orchard, K. S. Baker, R. H. Giller, S. A. Savage, B. P. Alter, and J. 
Tolar. 2011. Disease-specific hematopoietic cell transplantation: nonmyeloablative 
conditioning regimen for dyskeratosis congenita. Bone Marrow Transplant 46: 98-104. 
22. Nishio, N., Y. Takahashi, H. Ohashi, S. Doisaki, H. Muramatsu, A. Hama, A. Shimada, 
H. Yagasaki, and S. Kojima. 2011. Reduced-intensity conditioning for alternative donor 
hematopoietic stem cell transplantation in patients with dyskeratosis congenita. Pediatr 
Transplant 15: 161-166. 
23. Ayas, M., A. Nassar, A. A. Hamidieh, M. Kharfan-Dabaja, T. B. Othman, A. Elhaddad, 
A. Seraihy, F. Hussain, K. Alimoghaddam, S. Ladeb, O. Fahmy, A. Bazarbachi, S. Y. 
Mohamed, M. Bakr, E. Korthof, M. Aljurf, and A. Ghavamzadeh. 2013. Reduced 
intensity conditioning is effective for hematopoietic SCT in dyskeratosis congenita-
related BM failure. Bone Marrow Transplant 48: 1168-1172. 
24. Liew, E., and C. Owen. 2011. Familial myelodysplastic syndromes: a review of the 
literature. Haematologica 96: 1536-1542. 
29 
25. Shimamura, A., and B. P. Alter. 2010. Pathophysiology and management of inherited 
bone marrow failure syndromes. Blood Rev 24: 101-122. 
26. Lerman, C., M. Daly, A. Masny, and A. Balshem. 1994. Attitudes about genetic testing 
for breast-ovarian cancer susceptibility. J Clin Oncol 12: 843-850. 
27. Ludman, E. J., S. J. Curry, E. Hoffman, and S. Taplin. 1999. Women's knowledge and 
attitudes about genetic testing for breast cancer susceptibility. Eff Clin Pract 2: 158-162. 
28. Tessaro, I., N. Borstelmann, K. Regan, B. K. Rimer, and E. Winer. 1997. Genetic testing 
for susceptibility to breast cancer: findings from women's focus groups. J Womens 
Health 6: 317-327. 
29. Vuckovic, N., E. L. Harris, B. Valanis, and B. Stewart. 2003. Consumer knowledge and 
opinions of genetic testing for breast cancer risk. Am J Obstet Gynecol 189: S48-53. 
30. Codori, A. M., G. M. Petersen, D. L. Miglioretti, E. K. Larkin, M. T. Bushey, C. Young, 
J. D. Brensinger, K. Johnson, J. A. Bacon, and S. V. Booker. 1999. Attitudes toward 
colon cancer gene testing: factors predicting test uptake. Cancer Epidemiol Biomarkers 
Prev 8: 345-351. 
31. Hallowell, N., A. Arden-Jones, R. Eeles, C. Foster, A. Lucassen, C. Moynihan, and M. 
Watson. 2006. Guilt, blame and responsibility: men's understanding of their role in the 
transmission of BRCA1/2 mutations within their family. Sociol Health Illn 28: 969-988. 
32. Kinney, A. Y., B. M. DeVellis, C. Skrzynia, and R. Millikan. 2001. Genetic testing for 
colorectal carcinoma susceptibility: focus group responses of individuals with colorectal 
carcinoma and first-degree relatives. Cancer 91: 57-65. 
33. Lewis, M. J., and S. K. Peterson. 2007. Perceptions of genetic testing for cancer 
predisposition among Ashkenazi Jewish women. Community Genet 10: 72-81. 
30 
34. Press, N. A., Y. Yasui, S. Reynolds, S. J. Durfy, and W. Burke. 2001. Women's interest 
in genetic testing for breast cancer susceptibility may be based on unrealistic 
expectations. Am J Med Genet 99: 99-110. 
35. Ramsey, S. D., S. Wilson, A. Spencer, A. Geidzinska, and P. Newcomb. 2003. Attitudes 
towards genetic screening for predisposition to colon cancer among cancer patients, their 
relatives and members of the community. Results of focus group interviews. Community 
Genet 6: 29-36. 
36. Sussner, K. M., H. S. Thompson, L. Jandorf, T. A. Edwards, A. Forman, K. Brown, N. 
Kapil-Pair, D. H. Bovbjerg, M. D. Schwartz, and H. B. Valdimarsdottir. 2009. The 
influence of acculturation and breast cancer-specific distress on perceived barriers to 
genetic testing for breast cancer among women of African descent. Psychooncology 18: 
945-955. 
37. Krueger, R. A., and R. Rubin. 1996. Focus Groups: A Practical Guide for Applied 
Research. Library & information science research. 18: 191. 
38. Stewart, D. W., and P. N. Shamdasani. 2015. Focus groups : theory and practice. 
SAGE, Thousand Oaks, California. 
39. Pasacreta, J. V. 1999. Psychosocial issues associated with increased breast and ovarian 
cancer risk: findings from focus groups. Arch Psychiatr Nurs 13: 127-136. 
40. Ryan, E. L., and C. S. Skinner. 1999. Risk beliefs and interest in counseling: focus-
group interviews among first-degree relatives of breast cancer patients. J Cancer Educ 
14: 99-103. 
41. Todora, H. M., C. S. Skinner, L. Gidday, J. L. Ivanovich, S. Rawl, and A. J. Whelan. 
2001. Perceptions of genetic risk assessment and education among first-degree relatives 
of colorectal cancer patients and implications for physicians. Fam Pract 18: 367-372. 
31 
Vita 
Taylor Alexandria Beecroft was born in Phoenix, Arizona in 1991, the daughter of 
Timothy and Christina Beecroft. After completing her work at Mountain Ridge High School in 
Glendale, Arizona in 2009, she began her undergraduate studies with Barrett, The Honors 
College at Arizona State University. She received the degree of Bachelor of Science with a 
major in Genetics, Cellular, and Developmental Biology with honors in May 2013. For the next 
3 years, she worked as a research associate in the Neurogenomics Division at the Translational 
Genomics Research Institute in Phoenix, studying microRNA as biomarkers for 
neurodegenerative diseases. In August of 2016, she entered The University of Texas MD 
Anderson Cancer Center UTHealth Graduate School of Biomedical Sciences to pursue a 
Master’s Degree in Genetic Counseling. 
